The acetone bark extracts of three species of Lonchocarpus from Monteverde, Costa Rica, L. atropurpureus, L. oliganthus, and L. monteviridis, were screened for antibacterial, cytotoxic, and antioxidant activities. L. orotinus extract was antibacterial against Bacillus cereus (MIC = 39 μg/mL), while L. monteviridis exhibited the most antioxidant activity. None of the Lonchocarpus extracts showed cytotoxic activity against MCF-7 cells. Fatty acids and atraric acid were isolated and purified from L. atropurpureus bark, fatty acids and loliolide from L. oliganthus bark, and leonuriside A and β-ᴅ-glucopyranos-1-yl Nmethylpyrrole-2-carboxylate from L. monteviridis bark. Atraric acid showed cytotoxic and antimicrobial activities.
The genus Lonchocarpus (Fabaceae, Papilionoideae) consists of about 100 species that can be found throughout tropical America, Africa, the Caribbean Islands, Madagascar and Australia [1] . Of those species, at least 35 have been investigated and the reports on their chemistry show that they contain compounds that might explain the use of the plants in traditional medicine [2] . Many species of Lonchocarpus have been shown to be rich sources of polyphenolic compounds [3] , and our group has found the cytotoxic bark extract of L. haberi from Monteverde, Costa Rica to contain prenylated isoflavonoids and chalcones [1a] . Based on our previous work with L. haberi, we have investigated the bioactivity and phytochemistry of bark extracts of three additional Lonchocarpus species, L. atropurpureus Benth. [4, 5] , L. oliganthus F.J. Herm. [5, 6] , and L. monteviridis M. Sousa [5, 7] , growing in the Monteverde region of northwestern Costa Rica. The roots of L. atropurpureus have been previously investigated and were found to contain the five flavonoids: minimiflorin, jayacanol, mundulinol, mundulin, and 2,5-dihydroxy-3-methoxy-6,7-(2″,2″dimethyl-chromene)-8-(3‴,3‴-dimethylallyl)-flavanone [8] . To our knowledge neither L. oliganthus nor L. monteviridis have been previously phytochemically investigated.
The dried bark of L. atropurpureus, L. oliganthus, and L. monteviridis were extracted with refluxing acetone to give crude extracts in 7.94%, 2.92%, and 2.78% yield, respectively. The crude acetone extracts were screened for antibacterial activity against Bacillus cereus, Staphylococcus aureus, and Escherichia coli; cytotoxic activity against MCF-7 cells; brine shrimp (Artemia salina) lethality; radical-scavenging activity using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical assay; and antioxidant activity using the ferric reducing ability of plasma (FRAP) assay (Table 1) .
Gas chromatographic -mass spectral (GC-MS) analysis of the fractions from L. atropurpureus (LOAT3B-2D, LOAT3B-3, LOAT3C-1lpl) revealed a mixture of fatty acids as the main component (Table 2 ). This was verified by comparing the NMR data with literature values [9] . The most abundant fatty acid was found to be hexadecanoic acid (27.3 mg) . Hexadecanoic acid was also found as a monoglyceride (13.3 mg, LOAT4B-4Ds). Another compound identified by GC-MS and verified by NMR was atraric acid (19.25 mg, LOAT3C-1ls). Atraric acid is the major odoriferous compound from the oakmoss Evernia prunastri (Parmeliaceae) [10] . It has also been found in the flowering plant Xylosma velutina (Salicaceae), in the perennial herb Dianella revoluta (Hemerocallidaceae), and the evergreen tree Pygeum africanum (Rosaceae) [10, 11] . Atraric acid has been found to be an antagonist of the human androgen receptor [12] . Loliolide is a monoterpene that is formed from the biological or oxidative degradation of carotenoids [13] . There are several forms of loliolide [14] that have been isolated from a number of terrestrial plants such as the semi-mangrove Cebera manghas (Apocynaceae) [15] , from the Korean plant Carpesium macrocephalum (Asteraceae) [16] , the tropical plant Cassia laevigata (Fabaceae) [17] , alfalfa (Medicago sativa) (Fabaceae) [18] , and kudzu Pueraria lobata (Fabaceae) [14] , as well as the brown algae Undaria pinnatifida (Laminariaceae) [19] , Sargassum ringgaoldianum susp. coreanum (Sargassaceae) [20] , and S. thungergii (Sargassaceae) [21] . Loliolide has been reported to have immunosuppressive, germination inhibitory, and antirepellent activities [22] . Loliolide has also been found to show moderate antioxidant activity [20] .
Two β-ᴅ-glucosides were isolated and identified from L. monteviridis, β-ᴅ-glucopyranos-1-yl N-methylpyrrole-2-carboxylate (10.4 mg, LOMOBA6D-1), and leonuriside A (13.7 mg, LOMOBA7D/E-2).
β-ᴅ-Glucopyranos-1-yl N-methylpyrrole-2carboxylate is a protoberberine alkaloid that was recently isolated from Alangium salviifolium (Alangiaceae), a tree found throughout India and Southeast Asia [23] . It was tested for cytotoxic activity against HepG2, A549, and HuCCA-1 cell lines, radical scavenging activity using the DPPH free-radical scavenging assay, inhibition of superoxide anion radical formation in the xanthine / xanthine oxidase assay, antioxidant activity in the ORAC assay, and aromatase inhibitory activities, but was found to be inactive in all assays tested [23] .
The phenolic glucoside leonuriside A has been found in the herbs Leonurus japonicas (Lamiaceae) [24] and Hypericum erectum (Hypericaceae) [25] , in the hairy root culture of Swertia japonica (Gentianaceae) [26] , and in the plant Spatholobus sinensis (Fabaceae) [27] . It has been evaluated for anti-oxidant activity using the ferric thiocyanate method and was found to have stronger antioxidative activities than the known antioxidants α-tocopherol and butylated hydroxyanisole (BHA) [24] .
Atraric
acid, β-ᴅ-Glucopyranos-1-yl N-methylpyrrole-2carboxylate, and leonuric acid were screened for antimicrobial activity and cytotoxicity (Table 3 ). Due to limited quantities, loliolide was not screened. Atraric acid showed cytotoxic activity (IC 50 = 62.42.0 μg/mL) as well as antibacterial activity against Gram-positive bacteria, Bacillus cereus and Staphylococcus aureus (MIC = 156 μg/mL), antifungal activity against Aspergillus niger (MIC = 39 μg/mL) and anti-yeast activity against Candida albicans (MIC = 78 μg/mL). Neither β-ᴅ-glucopyranos-1-yl N-methylpyrrole-2-carboxylate nor leonuric acid were active in these bioassays. Table 4 ).
Antibacterial screening:
The Lonchocarpus bark extracts and selected isolated compounds were screened for antibacterial activity against Bacillus cereus, Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Aspergillus niger, and Candida albicans using the microbroth dilution technique as previously described [28] .
Cytotoxicity screening:
In-vitro cytotoxic activity against MCF-7 cells was carried out using the MTT method for cell viability as previously described [28] .
Brine shrimp (Artemia salina) lethality assay:
The brine shrimp lethality assay was carried out as previously described [28] .
Prussian Blue assay:
The Prussian blue assay, based on the procedure of Price and Butler [29] , was carried out in a 96-wellplate format in quadruplicate.
1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical assay:
The DPPH assay was based on that developed by Brand-Williams and coworkers [30] , modified for a 96-well-plate format, and carried out in quadruplicate.
Ferric reducing ability of plasma (FRAP) assay:
The FRAP assay, based on that described by Benzie and Strain [31] , was carried out in quadruplicate in 96-well plates.
Nuclear magnetic resonance (NMR) measurements:
NMR spectra included 1 H, 13 C, COSY, HSQC, HMBC, and NOESY. 1D and 2D NMR data were obtained on a 500 MHz Varian INOVA spectrometer at 25°C. The NMR data were processed and analyzed using Mnova NMR software. The solvent used to dissolve the samples (CDCl 3 , CD 3 OD) was used as reference in the spectra.
Gas chromatographic -mass spectral analysis:
GC-MS measurements were carried out using an Agilent 6890 GC with Agilent 5973 mass selective detector, as previously described [32] . A 1% w/v solution of each sample in CH 2 Cl 2 was prepared and 1 μL was injected using a splitless injection technique.
Chromatographic separation of Lonchocarpus atropurpureus:
The crude acetone bark extract (24.95 g) was separated by flash column chromatography (silica gel: 79 cm L  4 cm D) eluting with a step gradient of CHCl 3 /MeOH (100% CHCl 3 , 1 L; 5% MeOH, 3.5 L; 10% MeOH, 1 L; 30% MeOH, 0.8 L; 50% MeOH, 1 L; 100% MeOH, 1.5 L) to give 6 (LOAT1 -LOAT6). Fractions LOAT3 (1.5345 g) and LOAT4 (1.1209 g) were selected for further separation. LOAT3 was further separated over 100 g of silica gel Phytochemistry of Monteverde Lonchocarpus Natural Product Communications Vol. 9 (4) 2014 509 eluting with a step gradient consisting of n-hexane, ethyl acetate, and methanol (1:1 n-hexane to ethyl acetate, 500 mL; 9:1 ethyl acetate to n-hexane, 300 mL; 100% ethyl acetate, 200 mL; 9:1 ethyl acetate to methanol, 300 mL; 1:1 ethyl acetate to methanol, 300 mL; 100% methanol, 200 mL) to give 9 fractions (LOAT3A -LOAT3I). LOAT3B (177.7 mg) was further separated over 45 g of silica gel eluting with 8.5:1.5 n-hexane to ethyl acetate (400 mL) and ethyl acetate (100 mL) to give 4 sub-fractions (LOAT3B-1 -LOAT3B-4). LOAT3B-2 (69.7 mg) was further separated over 40 g of silica gel eluting with dichloromethane (250 mL), 8:2 dichloromethane to ethyl acetate (100 mL), and ethyl acetate (150 mL) to give 4 sub-fractions (LOAT3B-2A -LOAT3B-2D). LOAT3B-2D (43 mg), along with LOAT3B-3 (6.9 mg), were then dissolved in dichloromethane and subjected to GC-MS analysis. LOAT3C (484.4 mg) was further separated over 45 g of silica gel column eluting with 5:1 n-hexane to ethyl acetate (700 mL), 6:3:1 n-hexane to ethyl acetate to benzene (200 mL), and ethyl acetate (150 mL) to give 6 sub-fractions (LOAT3C-1 -LOAT3C-6). LOAT3C-1 was further purified by dissolving in ethyl acetate, removal of insoluble particulates, evaporation of the ethyl acetate, and trituration with n-pentane to give a colorless solid (LOAT3C-1ls, 13.9 mg) and a yellow solution; evaporation of the pentane from the supernatant gave a yellow liquid (LOAT3C-1lpl, 29 mg), which was dissolved in dichloromethane and subjected to GC-MS analysis. GC-MS analysis of LOAT3B-2D, LOAT3B-3, and LOAT3C-1lpl revealed a mixture of fatty acids (Table 2) . LOAT4 was further separated over 100 g of silica gel eluting with a step gradient consisting of dichloromethane (DCM) and methanol (MeOH) (100% DCM, 500 mL; 10% MeOH, 500 mL; 15% MeOH, 500 mL; 20% MeOH, 200 mL; 30%, 300 mL; 50% MeOH, 200 mL; 100% MeOH, 500 mL) to give 5 fractions (LOAT4A -LOAT4E). LOAT4B (672.2 mg) was further separated over 45 g of silica gel eluting with 1:1 ethyl acetate to chloroform (350 mL), 7.5:2.5 ethyl acetate to chloroform (100 mL), ethyl acetate (100 mL), and methanol (150 mL) to give 4 sub-fractions (LOAT4B-1 -LOAT4B-4). LOAT4B-4 (319.7 mg) was further separated over 40 g of silica gel eluting with 3:2 chloroform to ethyl acetate (350 mL), ethyl acetate (75 mL), and methanol (100 mL) to give 7 sub-fractions (LOAT4B-4A -LOAT4B-4G). LOAT4B-4D (48.5 mg) was triturated with diethyl ether to give a colorless solid (LOAT4B-4Ds, 13.3 mg). 1 H and 13 C NMR of LOAT4B-4Ds were consistent with hexadecanoic acid monoglyceride.
Chromatographic separation of Lonchocarpus oliganthus:
The crude acetone bark extract (20.01 g) was separated by flash column chromatography (silica gel: 79 cm L  4 cm D) eluting with a step gradient of CHCl 3 /EtOAc (100% CHCl 3 , 0.5 L; 10% EtOAc, 2.5 L; 20% EtOAc, 2 L; 50% EtOAc, 2 L; 100% EtOAc, 2 L) followed by a wash with methanol, 2 L, to give 13 fractions (LOOLA1 -LOOLA13). LOOLA7 (196.5 mg) was further separated over 45 g of silica gel eluting with 3:2 n-hexane to ethyl acetate (700 mL), 1:1 n-hexane to ethyl acetate (100 mL), ethyl acetate (250 mL), and methanol (200 mL) to give 8 sub-fractions (LOOLA7A -LOOLA7H). LOOLA7C (31.3 mg) and LOOLA7D (36.5 mg) were then dissolved in dichloromethane and subjected to GC-MS analysis, which revealed a mixture of fatty acids (Table 2) . LOOLA8 (574.3 mg) was further separated over 50 g of silica gel eluting with 3:2 n-hexane to ethyl acetate (350 mL), 1:1 n-hexane to ethyl acetate (150 mL), 3:1 ethyl acetate to n-hexane (100 mL), ethyl acetate (250 mL), and methanol (100 mL) to give 11 subfractions (LOOLA8A -LOOLA8K). LOOLA8F (28.5 mg) was then analyzed by GC-MS. LOOLA8F was then subjected to preparative HPLC (H 2 O/CH 3 CN gradient (1 mL/ min: 85/15, 0 min; 70/30, 10 min; 55/45, 20 min; 0/100, 40 min; 0/100, 45 min) to give 5 fractions (0-5 min, 5-7.5 min, 7.5-17 min, 17-19 min, and 19-45 min). Loliolide (0.5 mg, LOOLA8F-4) was isolated and identified by GC-MS and verified by NMR.
Chromatographic separation of Lonchocarpus monteviridis:
The crude acetone bark extract (24.52 g) was separated by flash CC (silica gel: 76 cm L  4 cm D) eluting with a step gradient of CHCl 3 /MeOH (100% CHCl 3 , 1 L; 5% MeOH, 0.5 L; 10% MeOH, 2 L; 20% MeOH, 1.5 L; 50% MeOH, 1.5 L; 70% MeOH, 1.5 L; 100% MeOH, 2.5 L) to give 9 fractions (LOMOBA1 -LOMOBA9). LOMOBA6 (764 mg) was further separated over 43 g of silica gel eluting with 15% methanol in chloroform (500 mL), 50% methanol in chloroform (200 mL), and 100% methanol (150 mL) to give 9 sub-fractions (LOMOBA6A -LOMOBA6I). LOMOBA6D (50.6 mg) was further purified using preparative HPLC using a H 2 O/CH 3 CN gradient (1 mL/min: 80/ 20, 0 min; 60/40, 10 min; 20/80, 15 min; 0/100, 25 min; 0/100, 30 min) to give 4 fractions (0-5 min, 5-19.5 min, 19.5-24.5 min, 24.5-30 min) to give purified β-ᴅ-glucopyranos-1-yl N-methylpyrrole-2-carboxylate (10.4 mg, LOMOBA6D-1). LOMOBA7 (2.37 g) was further separated over 100 g of silica gel eluting with 9:1 chloroform to methanol (3.2 L), 8:2 chloroform to methanol (1L), 1:1 chloroform to methanol (0.75 L), and methanol (0. 5L) to give 8 sub-fractions (LOMOBA7A -LOMOBA7H). LOMOBA7D and LOMOBA7E were combined to give 113.3 mg of LOMOBA7D/E, which was further separated over 40 g of silica gel eluting with 25% methanol in chloroform (400 mL) and methanol (100 mL) to give 5 sub-fractions (LOMOBA7D/E-1 -LOMOBA7D/E-5). Pure leonuriside A (13.7 mg) was crystallized from LOMOBA7D/E-2.
